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Description 

POROUS FILM TYPE SOLVENT-FREE POLYMER 
ELECTROLYTE FILLED WITH OLIGOMER/PREPOLYMER 
ELECTROLYTE AND SECONDARY BATTERY EMPLOYING 

THE SAME 

Technical Field 

I 1 1 The present invcmion relaics to a porous fiim type solvcn.-frec polymer electro! vie 

and a secondary baucry eniploying the same. More particularly, the present invention 
relates to a soIvent-lVee polymer electrolyte which is improved in safety, elec- 
trochemical performance, and ionic conductivity, as compared to a conventional 
solvcnl-frec polymer clcclrolyle, and a secondary baliery employing ,<hc same. 

Background Art • 

| 2J The demands for high-performance batteries have grown significantly in various 

fields including mobile communications, portable electronic devices, electric au- 
tomobiles, and capacitors. Lithium polymer secondary batteries, which have begun to 
be commercialized in recent years, include a cathode, an anode, and an electrolyte for 
preventing short-circuit of the two electrodes and providing ion transfer medium. The 
polymer electrolytes for lithium polymer secondary batteries are classified into two 
groups according lo the type of an electrolyte: gel-type polymer electrolyte using a 
mixture of an organic solvent and a polymer material and solvent-free polymer 
electrolyte using only a polymer material. 

1 3] A solvent-free polymer electrolyte has advantages of high electrochemical stability 

and compatibility with a high-capacity lithium metal electrode. However, due to very 
low ionic conductivity at room temperature, the solvent-free polymer electrolyte is still 
commercially unavailable. On the other hand, a gel-type polymer electrolyte contains 
large amounts of an electrolyte solution, and thus, has very high ionic conductivity and 
electrochemical characteristics comparable to a conventional liquid electrolyte. 
Therefore, the gel-type polymer electrolyte has been commercialized. A Bellcore 
process developed by Bell Communications & Research Co., which is a representative 
preparation process for a gel-type polymer electrolyte, is as follows. 

|4| First, polyacrylonitrile, polyethyleneoxide, or poIy( vinylidcnc lluoride- 

co-hexaflu<)ropropylcnc) copolymer as a matrix polymer, (liluiiylphthaiate as a 
j')lasticizer, silicon dioxide as a liller. anti an orijanic solvent are mixed and stirred lo 
obtain aeasliiii: composition anti llic casiinij conijiosiiion is cast lo obtain a polymer 
lihii. The plaslici/cr is extracted Ironi the polymer lilni in a subsec|uenl process lo Ibrni 
inicro-cliannels in tlie polvmcr liliu. Then, an elecirotic assembly obiaineti l\v in- 
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tcrposing Ihc polymer lilni hclwccn a cathode and an anode is inserted in a can- or 
pouch-lype case and sealed. The resultant structure is impregnated with an electrolyte 
solution obtained by adding a lithium salt to a mixed organic solvent in which linear 
carbonates and cyclic carbonates are mixed at an appropriate ratio, so that the 
electrolyte solution is lllled in the micro-channels of the polymer I'ilm, to thereby 
complete battery fabrication. An electrode assembly may also be manufaclurcd in such 
a way that a polymer lllm with micro-channels is impregnated with an electrolyte 
solution and then interposed between a cathode and an anode, 
|51 A lithium polymer battery emplo\ ing such a gel-lypc polymer electrolyte contains a 

smaller amount of an electrolyte solution compared to a lithium ion battery employing 
as an electrolyic solution only a mixed organic solvent containing an appropriate ralio 
of linear carbonates and cyclic carbonates. However, ihc absolute amount of the 
electrolyte solution contained in the lithium polymer battery employing the gel-lypc 
polymer electrolyte is still high. Therefore, the lithium polymer battery employing the 
gel-type polymer electrolyte has problems such as degradation of electrochemical char- 
acteristics due to leakage or evaporation of the electrolyte solution and difficulties in 
safety assurance and fabrication process. In detail, the lithium polymer battery 
eiiiploying the gel-type polymer electrolyte may be ignited by decomposition or 
gasification of the electrolyte solution when heated or may undergo degradation of 
electrochemical properties by leakage or evaporation of the electrolyte solution. 
Disclosure of Invention 

Technical Problem 

|6| In this regard, there arc higher demands to develop a solvent-free polymer 

electrolyte containing substantially no electrolyte solution but exhibiting high ionic 
conductivity and electrochemical stability and a secondary battery employing the 
solvent-free polyir.er electrolyte. 

Technical Solution 

|7| In view of the problems caused by an electrolyte solution contained in a con- 

ventional gcl-typc polymer electrolyte, the present invention provides a solvent-free 
polymer electrolyte with improvements of safety, electrochemical performance, and 
ionic conductivity, as compared to a conventional solvent-free polymer electrolyte. 

(S| The present invention also provides a secondary battery employing the solvent-free 

polymer electrolyte. 

19| According to an aspect of the present invention, there is provided a solvent-free 

polymer electrolyte including: 
I |()| a porous film liaving a first surlacc ant! a second surface, the porous Him includes a 

reticulated network of channels Ibrtnctl between pores on the first and sccon<i surlaces. 
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and is made of a mix(urc including a first polymer and a second oligomer (or prc- 
polymer), (he first polymer being at least one selected from the group consisting of 
copolymers oi vinylidcnelluoridc and hexalluoropropylene (hereinafter, referred to as 
V(VdF-HFP)"), polyvinyl idenefluorides, polymethylmethacrylates, polyacrylonitrilcs, 
polycthyleneoxides, and celluloses having a polyelher chain, the second oligomer 
being at least one selected from the group consisting of poly(cthylene oxide- 
co-cthylene carbonate) (hereinafter, referred to as "P(EO-EC)") copolymers with at 
least one terminal groups substituted by a halogen atom and polycthylcncglycols vviih 
at least one terminal groups substituted by a halogen atom, and each of the i irst 
polymer and the second oligomer being present in (he mixture in an amount capable o( 
forming a single phase; and 

1 1 1 1 an clcclroiyle prcscnl in the pores of ihe porous film and including ihc second 

oligomer and a lithium salt. ; 

1 1 2 1 According to another aspect of the present invention, there is provided a secondary 

battery including: an anode including a carbonaceous material; a cathode including a 
compound enabling intercalation and deintercalation of lithium; and a solvent-free 
polymer electrolyte interposed between the cathode and the anode, wherein the 
solvent-free polymer electrolyte is the solvent-free polymer electrolyte according to the 
present invention. 

Advantageous EfTects 

1 13J As apparent from the below description, since a solvent-free polymer electrolyte 

according to the present invention is prepared by impregnation of a porous film with a 
viscous oligomer under vacuum, use of an electrolyte solution is not required. 
Therefore, the solvent-free polymer electrolyte is not accompanied by problems caused 
by leakage or evaporation of an electrolyte solution. Further, since the viscous 
oligomer is contained in pores, higher ionic conductivity is accomplished, as compared 
to a conventional solvent-free polymer electrolyte. In addition, the solvent-free 
polymer electrolyte according to the present invention docs not exhibit rapid reduction 
in ionic conductivity even at low temperature, and thus, provides high electrochemical 
stability. 

Description of Drawings 

I I4| FIG. I A is a scanning electron microscope (SEM ) image of a porous film obtained 

in Example 2 according to the present invention. 
I \5\ FICk I B is a SEM image of a solvent-free polymer electrolyte according to the 

present invention in which pores of the porous lllm of FICi. I A are filled with a viscous 

oligomer electrolyte composition. 
I |6| \ 2 is a stress-strain curve illustrating the tensile test results of inicroporous lilm 
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samples' according lo (he prcscnl invcnlion. 
1 17| FIG. 3A is a graph illuslralinii ihc ionic conduciivitics o( solvcnt-Crcc polymer 

clcclrolylcs according [o Ihc prescni invention with respect to the content of an 
(^igomer electrolyte and FIG. 3B is a graph illustrating the ionic conductivities oi 
solvent-free polymer electrolytes according to the present invention with respect lo (he 
type of lithium salt. 

1 1 8| FIG. 4 is a cyclic voltammogram of a solvent-free polymer electrolyte according to 

I ho prescni invention. 

I |9| r iGS. 3 A and 513 respectively show variation of a lincwidih anil a full-width at 

half-maximum of a .solvcni-frec j)olymcr electrolyte according to the present invention 
as a function ol' temperature, measured by lithium nuclear magnetic resonance 
spcciroscopy. 

Best Mode / 



|20| Hereinafter, a solvenl-free polymer eleclrolyle according lo the present invention ' 

and a secondary battery employing the same will be described in more detail. 
[211 The present invention provides a solvent-free polymer electrolyte including: 

f22J a porous film having a first surface and a second surface, the porous film includes a 



reticulated network of channels formed between pores on the first and second surfaces, 
and is made of a mixture including a first polymer and a second oligomer, the first 
polymer being at least one selected from the group consisting of P( VdF-HFP) 
copolymers, polyvinylidencnuorides, polymethylmethacrylates, polyacrylonitriles, 
polyethyleneoxides, and celluloses having a polyether chain, the second oligomer 
being at least one selected from the group consisting of P(EO-EC) copolymers with at 
least one terminal groups substituted by a halogen atom and polyethyleneglycols with 
at least one terminal groups substituted by a halogen atom, and each of the first 
polymer and the second oligomer being present in the mixture in an amount capable of 
forming a single phase: and 

[23| an electrolyte present in the pores of the porous film and including the second 

oligomer and a lithium salt. 

124| In the mixture for formation of the porous film, each of the first polymer and the 

second oligomer is present in an amount capable of forming a single phase. In detail, 
the weight ratio of the first polymer to the second oligomer is in the range of 95 :5 to 
35 :b5, preferably 90 : 10 to 40 :60, and more prelerably 80 :20 to 50 :5(). The first 
polvmcr serves to impart good mechanical strength to the porous film. If the weight 
ratio ol the first polymer exceeds 95, film nexibility may decrease, which makes it 
difficult to impregnate the electrolyte into the porous fihii. 1hc second oligomer serves 
to increase the flexibility and pore si/.e of the porous lllni. If tlic x^eight ratio ol the 
second oligomer exceeds ^5, lormation of a self-supporting filni may he <lillicult. 
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|25| The porous lllm may further ineludc an inorganic Tiller lo enhance ionic con- 

ductivity, electrochemical stability, and mechanical property. Examples ol the 
inorganic llller that can be used for these purposes include, but are not limited to, 
titanium dioxide (TiO ). silicon dioxide (SiO ), alumina (Al O ), lithium aluminate 
(gamma -LiAlO ), and zeolite. 

1 26 1 As described above, a viscous oligomer electrolyte is present in the pores of the 

porous film. The viscous oligomer electrolyte includes the second ciigomer which is at 
least one sclectcii from the group consisting of !^(EO-!iC) copolymers with at least one 
terminal groujis subslitutcil by a halogen atom and polyethyleneglycols with at least 
one terminal groups substituted by a halogen atom, and a lithium salt. The lithium salt 
is generally used in an amount of 0.1 to 10 mmol, prcl'erably 0,5 to 3 mmol, and more 
preferably 1 lo 3 mmoU based on 1 g of ihc second oligomer. If the content of the 
lithium sail is less than 0. 1 mmoU the number of charge curriers may. decrease, thereby 
lov^'cring ionic conductivity. On the other hand, if it exceeds 10 mmol, ion aggregation 
may occur, and thus, the number of effective charge carriers may decrease, thereby 
lowering ionic conductivity. 

|27 | Examples of the lithium salt that can be used herein include LiPF , LiBF , LiClO , 

LiCF SO , LiC F SO , LiN(CF SO ) . LiAsF . and LiN(SO C F ) . The Ihhium salt is 

3 3 4 9 3 3 2 2' 6' 2 2 .S 2 

not particularly limited provided that it enables the dissociation of lithium ions that can 
be intercalated and deintercalated between an anode and a cathode of a battery. 
1 28 1 The oligomer electrolyte may further include an inorganic filler to enhance ionic 

conductivity, electrochemical stability, etc. Examples of the inorganic filler that can be 
used for the purjioses include, but arc not limited to, titanium dioxide (TiO ), silicon 
dioxide (SiO ). alumina ( Al O ), lithium aluminate (iiamma -LiAlO ), and zeolite. 

2 ' 2 3' 2 

\29[ In the solvent-tree polymer elecirolyic according to the present invention, the 

content of the oligomer electrolyte impregnated in the porous film is in the range from 
5 to 40 g, preferably IVom 10 lo 30 g, based on 10 g of the porous film. However, the 
content of the oligomer electrolyte can be appropriately adjusted considering the elec- 
trochemical performance of a secondary battery to be manufactured and the content 
ratio of the second oligomer to the lithium salt in the polymer electrolyte. 

[301 As described above, a solvent-free polymer electrolyte according to the present 

invention includes a porous film used as a matrix and a viscous electrolyte im- 
pregnated in pores of the porous film. The viscous polymer electrolyte includes the 
second oligomer which is at least one selected from the group consisting of P(I*l()-F-C) 
copolymers with at Icasi one terminal groups substituted by a halogen atom and 
polycthvlcncglycols with al Icasi one lonnina! groups suhsiiluicd by a halogen atom. 

|3I I The polycthvlcncglycols w ith al Icasi one icniiinal ;jroMps subsiiiuicd by a halogen 

alom may be rcprcscnietl by ilie following formula I: 
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1 32 1 <rornuila l> 

X — ^o— CH2-CH2-) — X 

1 33 1 ' wherein n is an integer of 6 to 1 10, preferably 6 to 50, and X is a halogen atom. 
(34| The P(EO-EC) copolymers with at least one terminal groups substituted by a 

halogen atom may be represented by the following Ibrmula 2: 
|3?1 <Fcrnuila 2> 

H3C— O4CH2-CH2-O-) — f-CH2-CH2-0— C— 0)-X 

o 

1 361 Preferably, the number average molecular weight of ihe oligomer represented by 

the fonnula 1 or 2 is in (he ranee f rom 300 lo 5,000, and more preferably from 500 lo 
3,000. If ihe number average molecular weight of the oligomer repre'sented by the 
formula 1 or 2 is too small, leakage or evaporation of the oligomer may occur. On the 
other hand, if it is loo large, the impregnation of the viscous electrolyte into the porous 
film may be difficult, and molecular mobility may be lowered, which renders re- 
alization of high ionic conductivity difficult. 

[37] As represented in the fomiulae 1 and 2, it is preferable that a hydroxyl terminal 

group of the second oligomer is substituted by a halogen atom or other inert group 
such as alkyl groups or alkoxy groups since the hydroxyl terminal group can easily 
react with metallic lithium. 

1 38 1 In the P(EO-EC) copolymers that can be used as the second oligomer, the molar 

ratio of EO unit to EC unit is in the range of 9 : 1 to 1:9, preferably 8:2 lo 2:8, and 
more preferably 7:3 lo 3:7. if the molar ratio of EO unit to EC unit is less than 9 : 1 or 
exceeds 1: 9, i.e., if the ratio of EO unit or EC unit is too small, crystallization of the 
P(EO-EC) copolymers may occur, and thus, ion transfer may be prevented, thereby 
reducing ionic conductivity. 

1 391 A method for preparing a solvent-free polymer electrolyte according to the present 

invention will now be described. 

1 40 1 ( 1 ) Synthesis of second oligomer 

|4I I First, synthesis of polyethyleneglycol with at least one terminal groups substituted 

by chlorine atom as represented by the formula 1 used as a second oligomer serving to 
increase Ihe ionic conductivity of a solvent-free polymer electrolyte according to the 
present invention w ill be ilcscribcd. 

|42| Small amount ol thionx Ichloritlc tSOCI ) is added lo polyethyleneglycol under a 

nitrogen atmosphere anil rcl lu.xcdat 50 lo !(K)"C for 2 lo 4 days lo substitute a 
iivdroxvl end grouj^ of poK oihs Icncglycol by ciilorino atom. Then, the resultant 
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product is placed in a vacuum oven and dried at 80 lo 120 '*C lor 2 (o 4 days lo sul- 
ficicnlly remove a residual volatile material. 
|43| Synthesis ol" P(EO-EC) copolymer with at least one terminal groups substituted hy 

chlorine atom as represented by the formula 2 used as a second oligomer will now be 
described. 

|44| First, small amount of potassium methoxidc (CH^OK) or potassium hydroxide 

(KOH ) used as an initiator is added to an ethylene carbonate (EC) monomer under a 
nitrogen atmosphere and stirred at 150 to 200 "C lor 5 to 30 hours. As the reaction 
proceeds, E() groujis are ibrmcd simultaneously with emission oTa carbon dioxide 
(CO ) gas Irom portions of EC groups. After IS lo 22 hours of the reaction, P(EO-EC) 
copolymer is obtained with reduction in the emission of the carbon dioxide gas. A 
reaction solution at an initial stage of the reaction reveals clear. However, as ihc 
reaction proceeds, ihc reaction solution becomes lighl yellow. At 6 12 hours after 
ihc reaction, a dark yellow reaction solution is produced, and after 12 hours of the 
reaction, a brown reaction solution is produced. 

[451 Then, small amount of thionylchloride is added to the P(EO-EC) copolymer with a 

hydroxyl terminal group and refluxed to substitute the hydroxyl terminal group by 
chlorine atom. Then, the resultant product is dried in a vacuum oven at 80 to 120 "C for 
2 to 4 days to sufficiently remove a volatile material, 

(461 (2) Fabrication of porous film 

(47 1 At least one first polymer selected from the above-described polymers, at least one 

second oligomer selected from the above-described oligomers with at least one 
terminal groups substituted by a halogen atom, and an acetone solvent are placed in a 
beaker and sufficiently dissolved with heating. Then, an ethyleneglycol non-solvent is 
added, heated, and stirred to obtain a uniform mixed solution. In some cases, an 
inorganic llllcr such as titanium dioxide and silicon dioxide may be further added to 
the mixed solution to increase ionic conductivity. Preferably, the volume ratio of the 
acetone solvent to the ethyleneglycol non-solvent is in the range of 95 :5 to 75 :25. If 
the content of the acetone solvent is too large, the pore size or porosity of a porous film 
may decrease, which renders electrolyte impregnation difficult or decreases degree of 
impregnation. If the content of the ethyleneglycol non-solvent is too large, the 
dissolution of the polymer may be difficult or a pore size may excessively increase, 
thereby ticcreasing the mechanical strength of a porous film. 

|4S| The mixed solution is Icfi stand after being hcate<i mildly to accomplish air bubble 

removal and thermal cquilibralion. Then, the resultant solution is cast onto a glass }')iaic 
toobuiiii ;i pdlymcr lilni. A llcr sulTicicnt ly cvapt)ral ing the solvcnL ihc polymer lilm is 
scvcr.il liiDcs clcanoii w ilh mclhanol. My doing so, a residual non-solvent in ihc 
jioiymcr lilin is removed, and thus, ninucrous pores arc formed at a surlacc ol or in the 
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polymer film and inlcrconncclcd (o Chcrcby produce a porous lilni with a rcliculalcd 
network of channels. The porous fihii thus produced is sulTicicntly dried in a vacuum 
oven at 40 to 60 "C for 1 to 2 days, for example . 

|49| V Meanwhile, the porous film is thermally treated at 80 to 130 for 1 to 5 hours to 

increase mechanical strength that has been decreased due to the inclusion of the second 
oligomer. If the thermal treatment temperature is less ihan 80 "C , a thermal Ircalmcnl 
ciTcct may be insulTicicnt. On the oCherhand, if ihc thermal treatment temperature 
exceeds i50"C . it may approximate (he mcllinsi icmperalure CV ) of the first polymer 
like P(\ dr--HFP), thereby decreasing porosity by pore destruction. 

I f^0 1 { 3 » Preparation oi" solvent-free polymer clccirolyic 

15 1 1 The viscous second oligomer, a lithium sail, and an inorganic filler such as titanium 

dioxide and silicon dioxide for cnhanccmcnl of ionic conduclivily and elcclrochcmical 
stability arc added to a solvent of the second oligoincr such as acctoi]c and uniformly 
dispersed. The solvent is then substantially completely removed from the reaction 
mixture to obtain a polymer electrolyte composition. Even though the polymer 
elecirolyte composition contains no solvents, it has flowability like starch syrup 
because of the presence of the viscous second oligomer with small molecular weight. 

1 52] Next, the polymer electrolyte composition is spread on an upper surface of the 

porous film fabricated in Section (2) by an appropriate method. At this time, heating of 
the polymer electrolyte composition at about 80 ""C can decrease viscosity, and thus 
impart higher flowability to the polymer electrolyte composition. Vacuum is then 
applied to a lower surface of the porous film. As a result, the polymer electrolyte 
composition is impregnated into pores of the porous film by a pressure difference 
between the lower surface and the upper surface of the porous film, to thereby obtain a 
solvent-free polymer electrolyte. 

1531 Examples of the lithium salt include LiPF , LiBF , LiClO , LiCF SO , LiC F SO , 

LiN(CF SO ) , and LiAsF . 

3 2 2 6 

154) (4) Fabrication of secondary battery 

1 55 1 The solvent-free polymer electrolyte film prepared in Section (3) is interposed 

between an anode including a carbonaceousmaterial such as natural or artificial 
graphite as an anode active material and a cathode including a compound enabling the 
intercalation and deintercalation of lithium as a cathode active material to obtain an 
electrode assembly. Then, the electrode assembly is inserted in a pouch- or can-type 
case and scalctl to produce a secondary battery. 

|56| In lahrication of a secondary haltcry using the solvcnt-frcc polymer electrolyte 

accoKiing to the jircscnt invention, an anode active material, a cathculc active malcriaL 
a hinder resin, an elect roconductivc agent, a processing aid, etc. arc noi pariicularl\' 
lirniic<l piovided tliai the types of the above-described materials and a hadcry 
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rabrica(ion niclhod arc (hose conventionally used in the pertinent art. 
|57| The shape ofa secondary battery accorchniz to the present invention is not par- 

ticularly limited. Various known shapes, including a coin type, a hutton type, a square 
type, a cylinder type, a pouch type, etc. may he used. 

Mode for Invention 

|^8| Hereinafter, a solvent-free polymer electrolyte and a secondary battery according 

to the present invention will be described more specifically by Examples. However, the 
followini! Examples are provided only lor illustrations antl thus the present invention is 
not limited to or by them. 

1 fj 9 1 Exam|:)ic 1: synthesis oj' P(EQ-EC) copolymer with at least one terminal groups 

substituted hv chlorine atom 

(60J This Example shows an example of synthesis of P(EO-EC) copolymer with at least 

one terminal groups substituted by chlorine atom as represented by ijie formula 2. 

1 6 1 1 1 76. 1 2g ( 1 mol) of EC monomer and 70. 1 4 mg ( 1 mmol ) of potassium methoxidc 

as an initiator were placed in a two-neck flask installed in an oil bath equipped with a 
temperature controller. After the reaction mixture was completely dissolved, it was 
incubated at 180 for 15 hours under nitrogen atmosphere. EO groups were 
generated with emission of CO^ gas from portions of EC groups to thereby produce 
P(EO-EC) copolymer. After the reaction terminated, to remove EC that might remain 
in the resultant product, the product was dissolved in 200 mL of ethanol and then 
added to 2 L of ether to separate an ether layer in which EC was dissolved. The 
resultant product was several times cleaned with ether until residual EC was 
completely removed and then dried in a 80 '*C vacuum oven for 24 hours. 

162 1 Number average molecular weight, polydispersity, degree of conversion of 

monomer to oligomer, molar ratio of EO unit/EC unit, and glass transition temperature 
(T ) of the P(EO-EC) copolymer thus synthesized are summarized in Table 1 below. 
Each daia.of Table 1 was measured as follows. 

163] Measurement of number average molecular weight and polvdispersitv 

1 64 1 The number average molecular weight (M ) and weight average molecular weight ( 

M ) of the synthesized P(EO-EC) copolymer were measured using a Model 410 GPC 
apparatus (Waters), A sample was dissolved in THE (tetrahydrofuran). 100 U of the 
obtained solution was injected to a column and analysis was performed at an clution 
rate of I ml min * at 40 "C . The following monodisper.se polystyrenes were used as 
standard materials: Aldrich, product Nos.: 32,782-2 (M 800). 32,77 1 -0 (M 2,500), 
32,772-7 iM 4,()(){)), 37,95 1-4 {M i3,()0{)), 32,774-3 iM 20,000), 32,775-1 iM 

\\ \\. vv w 

35,()(){)). 33,034-5 iM SO.OOO), and 32,777-S {M 9().()()()). 
|^i5| Poiydispersil V was calculatetl by llic lollop ing lujiiaiion using the (>b(ainc<l nimiber 

average molecular weight iM ) and weight average: molecular ueiglil < A/ ). 
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1 66 1 Polydispcrsily = A'/ IM . 

1 67 1 Mcasurcnicn! of T 

1 68 1 The T ol' the P(EO-EC) copolymer was measured according lo dilTcrenlial 



scanning calorinielry (DSC) using a DSC 2920 apparatus (TA hislrunicnls). A sample 
weigh! was aboui 10 mg. The DSC thermogram for the P(EO-EC) copolymer was 
obtained under a nitrogen gas atmosphere at a temperature range of -100 to 200 ""C at a 
healing rate of 10 "C min"'. The second scan value was selected as the result. 
1 69 1 Measurement uj dciircc ol con\ crsion and molar ratio oT EO unit/EC unit 

|70| io measure degree of conversion and the molar ratio of EO unit/EC unit, a solution 

obtained by dissolving the P(EO-EC) copolymer in a CDCl^ solvent was subjected to 
hydrogen nuclear magnetic resonance spectroscopy ('H NMR) to obtain the NMR 
spectrum. The degree of conversion and molar ratio of EO unil/EC unit were evaluated 
from ihe ratio of peak area for hydrogen atoms in EO groups lo the fjeak area for 
hydrogen atoms in EC groups obtained from the NMR spectrum. « 
|71J Table J 



Sample 


M 

n 1 

(g mol ) 


Polydispersit 

y 


Degree of 
conversion 


EO/EC 
(molar ra(io) 


T (°C) 

g 


P(EO-EC) 


1,800 


2.39 


100 


7/3 


-44 



1 72] Meanwhile, since a hydroxy] terminal group of the P(EO-EC) copolymer easily 

reacts with metallic lithium, 20 g of the P(EO-EC) copolymer and 1 g of 
thionylchloride were placed in a two-neck flask installed in an oil bath equipped with a 
temperature controller and completely dissolved with stirring. Then, the reaction 
mixture was relluxed at 60 "C for three days under nitrogen atmosphere. After the 
reaction terminated, the resultant solution was dried at a 100 *'C vacuum oven for about 
two days to completely remove residual volatile materials. 

1 73 1 Example 2: fabrication of porous films 

[741 This Example shows an example of fabrication of porous films using a phase 

inversion process. 

|75| A P(VdF-HFP) copolymer (Aldrich,M : 455,000, 7 : 155- 160 "C), the P(EO-EC) 

W 111 

copolymer with at least one terminal groups substituted by chlorine atom synthesi/xd 
in Example 1, and an acetone solvent were placed in a beaker and sufficiently 
dissolved with healing at 50 "C . Then, an ethyleneglycol non-solvent was added to the 
reaction mixture, iieated and slirre<l at 50 "C for 5 hours, to obtain a uniform mixed 
solution. At this lime, the volume raiio ol" acetone to ethyleneglycol was set to 90: 10 
aiui ihc loial poK nicr conccni rai ion ol'ihc mixcil solution was scl lo 10 \\\^/f . The 
weigh! raiiool ihc Vdl -I If P) copolvnicr lo the P( fX )-EC ) copolymer varicti as 
lollows: 10 A),') A. X:2. 7:.>. (vA, and 5:5. 
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|76| The mixed solu(ion was IcH stand al 50 for 2 hours lo accomplisii air huhhic 

removal and thermal equilibration and then cast on a glass plate. The resultant structure 
was subjected to sufilcient evaporation ol'a solvent and then repeated cleaning with 
methanol to remove a residual non-solvent. Porous Hlms thus produced were dried in a 
50 vacuum oven for about 24 hours. 

|77| FIG. 1 A shows a scanning electron microscope (SEM) image of a porous lllm thus 

obtained. RcieiTing to FIG. 1 A, numerous pores were formed in the fihii and inter- 
connected in a polymer matrix to form a reticulated network of channels. 

1 7S| Tlic porosii y and the tlegree of impregnation of an oligomer electrolyte of the 

porous l ilms were changed according to the content of the P(EO-S£C) copolymer. The 
porous films were thermally treated in a 1 10 "C oven for about 2 hours to supplement 
(he mechanical properly lhat had been decreased due lo ihc addition of the P(EO-EC) 
copolymer. The porosily and Ihe degree of impregnation before and /ificr the thermal 
irealmenl are presented in Table 2 below. • 

(79] Each data listed in Table 2 was measured as follows. 

[80] PQrosjt y 

[81 ] The weights and densities of the porous lllms sufficiently dried al 50 ""C in a 

vacuum oven for 5 hours were measured. Then, the dried films were placed in beakers 
containing n-butanol O^ianufactured by Aldrich, density: 0.81 1 g ml *) and im- 
pregnation was perlbrmed for one hour. The impregnated films were taken out from 
the beakers and /?-butanol remained on surfaces of the films was removed using a filter 
paper to measure the weights of the films, 

1 82 1 Porosity was calculated using the following Equation: 

1 83 1 Porosity (%) = (Vr Ir )/(lV Ir + W Ir j x 100 

a ;i a a p p 

[84| where W is the weieht of //-butanol impregnated in the porous film, H' is the 

a *~ P 

weight of the dried porous film, r is the density of n-butanol, and r is the density of 

a p 

the porous film. 
[85] Degree of impregnation 

[ 86] The weights of the porous films sufficiently dried al room temperature in a vacuum 

oven for 5 hours were measured. Then, the dried porous films were placed on a 
vacuum filter holder apparatus, viscous P(EO-EC) was uniformly spread on the upper 
surface of the porous films, and vacuum was applied to the lower surlace ol" the films 
so that the P(EO-EC) was impregnated into the porous films by a pressure difference 
between upper and lower surlaccs of the porous films. Surfaces the impregnated 
films were fully cleaned using a filter paper anti then the weights ol the films were 
measured. 

|S7| The <lcgrcc ol iniprcunalio!! w as calcukilcd using the following I iijiiai ion: 

|SS| Dcjjrcc of iniiircLmai ion (V; ) ^ M\' - W )/VVxl()() 
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|89| where VV^ is the wcighl ol'a illni iniprcgnalcd wiih an oliiionicr cleeirolyie and V\' is 

the weiiihl oi a dried f\\m. 

|90| In Table 2, caeh porous fdni was represented by M-VxEy. That is, M represents a 

film, V represents P(VdF-HFP), E represents P(EO-EC) with at least one terniinal 
iiroups substituted by chlorine atom, x and y represent Che weight ratio (wl%) of 
P{VdF-HFP) and P(EO-EC), respectively. For example, M-V7E3 represents a porous 
lilm produced using a polymer mixture in which the weight ratio of P( VdF-HFP) to 
P(EO-EC)is7(o3. 

j^) I i As shown in Table 2, as the content of P(EO-EC) copolymer witli at least one 

terminal groups substituted by chlorine atom increased, the porosity and degree ol' im- 
pregnation of the porous films increased. The porosity and degree of impregnation of 
the porous fihns were not significantly changed after ihcrmal ircalmcnt. 

1921 Tabic 2 / 



Porous film 


Porosity (%) 
before thermal 
treatment 


Degree of im- 
pregnation (%) 
before thermal 
treatment 


Porosity (%) 
after thermal 
treatment 


Degree ol im- 
pregnation {%) 
after thermal 
treatment 


M-VIOEO 


54.3 


36.4 


54.2 


.36.4 


M-V9E1 


.57.4 


44.4 


56.8 


44.0 


M-V8E2 


59.1 


48.2 


58.9 


48.7 


M-V7E3 


61.8 


56.3 


61.6 


.x^.3 


M-V6E4 


64.4 


61.3 


64.2 


61.1 


M-V5E3 


62.9 


55.2 


62.4 


54.1 



1 93 1 Example 3: preparation of sol vent- free polymer electrolytes 

[94| This Example shows an example of a process for preparing a solvent-free polymer 

electrolyte by impregnating a viscous oligomer into a porous film using porous 
vacuum filter equipmenl. 

1 95 1 1 g of the P(EO-EC) copolymer with al least one terminal groups substituted by 

chlorine atom synthesized in Example 1 and 0.23 g of LiCF SO^ lithium salt (or 0.152 
n of LiPF lithium salt or 0. 16 c of LiClO lilhiuin salt) were added to 20 ii of acetone 
and stirred. In the case of using an inorganic filler, 0.015 g of TiO^ powders were 
further added to 0.9S5 g of a mixture of the P(EO-EC) copolymer with at least one 
terminal groups substituted by chlorine atom and the lilhium sail. The mixture were 
ilried to remove substantially completely acetone therein to thcrel^v obtain a viscous 
electrolyte composilion. The \ iscous electrolyte composition with Houabiliiy was 
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spread on upper surfaces oflhe porous films produced in Example 2. A\ diis lime, ihe 
viscous eleclrolylc composition was healed ai 8()*'C lo decrease viscosity and thus 
increase llowability. Then, strong vacuum was applied (o lower surfaces of the porous 
fflms using a vacuum pump so that the P(EO-EC) and lithium salt-containing oligomer 
electrolyte composition was infiltrated into pores of the porous films, to thereby obtain 
solvcnl-frcc polymer electrolytes according to the present invention. All these 
procedures were performed in a dry room or a glove box. 

|%| FIG. I B shows a SEM image of a solveni-lree polymer electrolyte according to the 

present invention thus obtained. Referring to FIG. IB, the pores obserxeii in FIG. I A 
were filled with the viscous electrolyte composition. 

[97] Each solvcni-frcc polymer electrolyte thus produced was represented by E-VxEy. 

The E-VxEy represents a solvent-free polymer clcclrolyie obtained by impregnating a 
corresponding porous film represented by M-VxEy with a mixture comprising a 
P(EO-EC) oligomer, a lithium salt, and an inorganic filler. * 

[98] Comparative Exampl e 1: preparation of conventional polvmer electrolyte 

[991 A conventional gel-type polymer electrolyte was prepared as follows. That is, a M- 

V6E4 film of 2 cm x 2 cm x 180 D in size, fabricated in the same manner as in Example 
3, was impregnated with 03 g of a mixed organic solvent composed of ethylene 
carbonate and propylene carbonate (1:1, volume ratio), to thereby obtain a con- 
ventional gel polymer electrolyte. 

[100] Experimental Example 1: degree of electrolvte loss 

1 101 1 A solvent-free polymer electrolyte prepared by impregnating a M-V6E4 film of 2 

cm X 2 cm ( 180 C in size, fabricated in the same manner as in Example 3, with 0.4 g of 
a P(EO-EC) copolymcr-LiCF^SO^ electrolyte, and the conventional gel polymer 
electrolyte prepared in Comparative Example 1 were evaluated for degree of 
electrolyte loss and the results are presented in Table 3 below. 

[102] Degree of electrolyte loss was measured using a thermogravi metric analyzer (TGA) 

(TGA 2050, TA Instruments). Here, a sample weight was about 10 mg, and the weight 
of the sample with time was measured by an isothermal process at 40 "C and 70 "C for 
12 hours under fiowing nitrogen gas atmosphere. 

1 1031 As shown in Table 3, the conventional gel-type polymer electrolyte ol Comparative 

Example I underwent a considerable electrolyte loss at both 40 "C and 70 "C after 10 
hours, whereas the solvent-free polymer electrolyte according lo the present invention 
did not undergo a weight loss even at 70 "C. 

I 1041 Table 3 
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Sample 


Degree of elccirolyle loss afler 10 
hours at 40 


Degree of electrolyte loss after 10 
hours at 70 ''C 


Total electrolyte 
(weight loss%) 


Electrolyte 
solution (weight 
loss%) 


Total electrolyte 
(weight loss%) 


Electrolyte 
solution (weight 
loss%) 


Gel polymer 
cicclrolylc of 
Comparative 
Example 1 


24 




52 


100 


Sol vcnl- free 
polymer 
eleclrolylc of 
Example 3 


0 


0 


0 

/ 


0 



[105] Experimental Example 2: mechanical properties of porous films 
1 106] In this Experimental Example, mechanical properties of the porous films obtained 
in Example 2 and porous films thermally treated at 1 10 "C for 2 hours were evaluated, 
f 107] The tensile tests for the porous films obtained in Example 2 and the thermally 

treated porous films were performed according to ASTM D-638-91 as follows. First, 
dumbbell-shaped samples with a gauge length of 1 5.5 mm were fab ricaled. Then, 
tensile loads were measured while stretching the samples using a universal testing 
apparatus (UTM ) (Model: LRIOK, manufactured by Lloyd) equipped with 100 N load 
cells at a crosshead speed of 20 mm min '. FIG. 2 shows a stress-strain curve obtained 
in the tensile tests. 

1 1081 In FIG. 2, (a) is a M-V lOEO porous film fabricated using only a P(VdF-HFP) 

copolymer, (b) is a M-V9EI porous film in which the weight ratio of P(VdF-HFP) 
copolymer to P(EO-EC') copolymer is 9 to I, (c) is a M-V8E2 porous film in which the 
weight ratio of P(VdF-HFP) copolymer to P(EO-EC) copolymer is 8 to 2, (d) is a M- 
V7E3 porous film in which the weight ratio of P( VdF-HFP) copolymer to P(EO-EC) 
copolymer is 7 to 3, (e) is a IVI-V6E4 porous film in which the weight ratio of 
P( VdF-HFP) copolymer to P(EO-EC) copolymer is 6 to 4, (f) is a M-V5E5 porous film 
in which the weight ratio of P( VdF-HFP) copolymer to P(EO-EC) copolymer is 5 to 5, 
(g) is a thermally treated M-V8E2 porous film, and (h) is a thermally treated M-V6E4 
porous film. 

I 1091 Referring to FIG. 2, as the content of a viscous P( FO-EC) copolymer impregnated 

in a porous film increased, stress gratkially decrcascil, and strain increased Irom (a) to 
(dj and tlien decreased. Meanwhile, in a stress-strain curve lor the liiennally neaieii 
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porous lilms, strain was slighlly reduced hy (hernial (rcalmcnl bul stress increased. 
Therefore, it can be seen thai appropriate thermal treatment of a porous fihn in 
preparation ol'a solvenl-lree polymer elcclrolyie according to the present invention can 
impart enhanced mechanical property to the solvent-free polymer electrolyte. 
|I10| Experimental Example 3: electrochemical properties of sol vent -free polymer 

electrolytes 

I 11 i I In this Experimental Example, the cyclic voliammoizram properties and ionic con- 

ductivities of the solvent-free polymer electrolytes obtained in Example 3 were 
evaluated. 

! I 12| FIG. 3A is a graph illustrating ionic conductivity measured under vacuum for 

inactive type battery cells fabricated by inteiposing the solvent-free polymer 
electrolytes obtained in Example 3 between two stainless steel electrodes to evaluate a 
change in ionic conductivity of a solvent-free polymer electrolyte acpording to the 
present invention with respect to the content of P(EO-EC) copolymer with at least one 
terminal groups substituted by chlorine atom. 

1 1 13] In detail, impedance values of the battery cells were measured using an impedance 
measurement apparatus (Zahner Electrik, Model: IM6) at a 10 °C interval at a 
temperature range from 5 to 95 ""C . At this time, a measurement frequency was in the 
range of O.I Hz to 1 MHz. To maintain a constant temperature, impedance 
measurement was performed after the battery cells were left stand in a constant 
temperature and humidity chamber (KATO, ± 0. 1 ''C ) for 6 hours or more, Ionic con- 
ductivity ( .V ) of the polymer electrolytes was calculated using the measured 
impedance values by the following: Equation: 

[1141 Ionic conduciivitv (S cm * ) -LI (R x A ) 

h 

1 1 1 5 1 where L is the thickness of a polymer electrolyte, A is the surface area of the 

polymer electrolyte, and R ^ is the resistance of the polymer electrolyte. 

I I [6| In FIG. 3A, (a) is a E-V lOEO electrolyte prepared using the M-V lOEO porous film, 

(b) is a E-V8E2 electrolyte prepared using the M-V8E2 porous film, (c) is a E-V6E4 
electrolyte prepared using the M-V6E4 porous film, (d) is a E-V6E4 electrolyte 
prepared alter thermally treating the M-V6E4 porous film at 1 10 "C for 2 hours, and 
(e) is a polymer electrolyte prepared by impregnating the M-V6E4 porous film with an 
electrolyte containing \.5 wt9? of a TiO inorganic filler. These polymer electrolytes 
were prepared using LiCE SO^ as lithium salt. 
I I 17| Relerring to FIG. 3A. the solvcni-frec polymer electrolytes according to the present 

invention exhibited higher ionic conductix ity as the porosity and degree of im- 
pregnation ol the porous lihns incrcascil. The l-!-\Y)E4 electrolyte exhibited ojilimal 
ionic conduciivitv 3.7 x M) ' S cm ' .ii 25 "c; . f he thermally treated l>V6|-:4 
cicclrolvic exhibited ionic condijci i\ it v of 3..^ x M) S cn) ' which was ahnost the same 
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as (hat bclbrc (hernial treatment. The E-V6E4 electrolyte with l.^wt^f olTiO^ 
exhibited sliizhlly increased ionic conductivity as 3.9 x 10"^ S cm 
1 1 1 8 1 Furthermore, regardless of thermal treatment and presence or absence of an 

iRoriianic filler, the solvent-free polymer electrolytes according to the present 
invention exhibited Arrhcnius behavior of ionic conductivity, i.e., no rapid reduction in 
ionic conductivity even at low temperature. Therefore, it can be seen that thermal 
treatment of a solvent-free polymer electrolyte according to the present invention 
enhances mechanical property but induces substantially no decrease in ionic con- 
uuciix'ity. 

IMS)] in FIG. 3B, (a) is a E-V6E4 electrolyte prepared by impregnating a M-V6E4 porous 

lihii with an electrolyte containing LiCF^SO^ and 1.3 wt% TiO , (b) is a E-V6E4 
clccirolyle prepared by impregnating a M-V6E4 porous film with an electrolyte 
containing. LiPF^ and 1.5 wt% TiO^, and (c) is a E-V6E4 electrolyte ^ireparcd by im- 
pregnating a M-V6E4 porous film with an eleclrolylc containing LiClO^ and 1.5 wt% 
TiO . 

2 

1 120] Referring to FIG. 3B, the ionic conductivity of the solvent-free polymer electrolytes 

according to the present invention was significantly changed according to the type of 
lithium salt. That is, the polymer electrolyte prepared using 1,5 wt% of a TiO^ 
inorganic filler and a LiCF SO lithium salt exhibited ionic conductivity of 3.9 x 10"^ S 
cm which was slightly increased compared to that of a polymer electrolyte with no 
inorganic filler. The polymer electrolyte prepared using a LiPF lithium salt with 1 .5 
wt% of a TiO^ inorganic filler and the polymer electrolyte prepared using a LiClO^ 
lithium salt with 1.5 wt% of a TiO^ inorganic filler exhibited room temperature ionic 
conductivity, i.e., 5.0 x 10 ^ S cm ' and 1,6 x 10^ S cm"*, respectively. 

1121] FIG. 4 is a cyclic voltammogram for a battery cell obtained by interposing, between 

a stainless steel electrode used as a working electrode and a lithium electrode used as a 
reference electrode and a counter electrode, a E-V6E4 polymer electrolyte prepared by 
impregnating the M-V6E4 porous film obtained in Example 2 with a highly viscous 
electrolyte containing P(EO-EC) copolymer with at least one terminal groups 
substituted by chlorine atom and LiCF^SO^ lithium salt, followed by packaging under 
vacuum. At this time, voltage was measured at 55 ""C within the range of measured 
potential of -0.5 to 5 V at a rate of 1 mV s 

I 1221 Referring to FIG. 4, il can be seen that the E-V6E4 polymer electrolyte is electro- 

chemically stable even at an oxidation potential o\ 'M least 5 V for the lilhiuni reference 
electrode. 

I I23| lixpcrinicntal I 'xamiiic 4: molecular mobility for lithium ions ol soivcni-lrcc 

polymer clcclroiyics 

I I 241 In this Experimental lixampic, molecular mobility for poiymer chains arul lithium 
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ions in ihc solvcnt-frcc polymer clcc(roly(cs ohtaincd in Example 3 was cvaluaCccI 
using lithium nuclear magnetic resonance spectroscopy (^Li NMR). 
I 12^1 FIG. 5 A is a graph illustrating a change in linewidth of the E-V6E4 electrolyte 

o<")(ained in Example 3 with respect to temperature. Rel'erring to FIG. 5A, the 
molecular mobility of lithium ions was restricted at low temperature, and thus, the 
linewidth was broadly measured. As temperature increased, the molecular mobility 
increased, and thus, the linewidth became gradually narrower. 
I I26| FIG. 5B is a graph illustrating the full-width at half-maximum (FWHM) of the E- 

VIOEO, E-VSE2, and E-V6E4 polymer electrolytes obtained in Example 3 with respect 
to temperature. The inset ol' FIG. 5B is a graph illustrating temperature dependence of 
coneiaiion lime ( / ) for the FWHM result of Che E-V6E4 electrolyte. 
1 1271 Referring to FIG. 5B, as temperature increased, FWHM decreased. In conncclion 
with the E-V6E4 clcclrolylc, a slope of In / value was sharply changed al 1 "^C . T 
(lemperalure al slope change) defined as a (emperalure at which a slope is sharply • 
changed is a very important factor because it shows a change in molecular mobility 
correlated with ionic conductivity. The results of FIG. 5B were fully consistent with 
the linear Arrhenius behavior for temperature dependence of ionic conductivity 
measured at 5 ""C or more. Meanwhile, the E-VIOEO electrolyte and the E-V8E2 
electrolyte exhibited T ^ of 3 ""C and 4 ""C , respectively. This result was also fully 
consistent with the Arrhenius behavior for temperature dependence of ionic con- 
ductivity. 

1 128 1 From FIGS. 5 A and 58, it can be seen that molecular mobility with temperature and 

temperature dependence of ionic conductivity at 5 or more for lithium ions exhibit a 
linear relationship, i.e., Arrhenius behavior. 

|129j Experime ntal Example 5: safety of unit batteries fabricated usini; solvent-free 

polymer electrolytes 

1 1301 In this Experimental Example, safety characteristics of unit batteries (2 cm in width 

X 2 cm in length) fabricated by interposing the solvent-free polymer electrolytes 
obtained in Example 3 between cathode plates and anode plates followed by packaging 
under vacuum were evaluated. 

11311 2 g of LiCoO^ as a cathode active material, Ig of PVDF as a binder resin, and 2 g of 

carbon black (Super-P) as an elect roconductive agent were added to 20 g ol* N- 
methyl-2-pyrrolidone and ball-milled for about 5 hours to prepare a cathode active 
material composition. 

I I32| riic caihodc aclivc maicrial composition was coateil on aluminum (hin films {50 _ in 

iliickncss x 2 cm in uitlih) using a doctor blade with a 5i) gap, dricil, rolled, ami cut 
iiiio prcdcicrmtncd pieces, lo thereby produce calliodc jilalcs. 

I I33| Mcainvliilc. 2 g ol caribou pou^icrs tMCMH: Osaka Cias ("o., avera^'c jniriiclc si/c: 
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abou( 6 U ) as an anode active material and I g ol" PVDF as a binder were added to 20 g 
of N-niethyl-2-pyrrolidonc and ball-milled lor about 3 hours to prepare an anode active 
material composition. 

I 134| V The anode active material composition was coated on copper thin films {50 U in 

thickness x 2 cm in width) using a doctor blade with a 50 0 gap, dried, rolled, and cut 
into predetermined pieces, Co produce anode plates. 

1 1351 The solvenl-rrec polymer clcclrolylcs with a thickness of 180 _" obtained in Example 

3 were interposed between the cathode plates and the anode plates and the resultant 
structures were vacuum-packaged with aluminum blue bags to complete unit batteries 
with a thickness of 0.3 to 0.5 mm. 

1 136| The unit batteries were not ignited or exploded even in cutting with scissors, 
pcrforalion with a drill, gradual pressing, or repetition of folding and unfolding. 
Therefore, i( can be seen lhat a unit battery employing a solvent-free/polymer 
cleclrolyle according to the present invention exhibits excellent safety. • 

Industrial Applicability 

1 1 37] As apparent from the above description, since a solvent-free polymer electrolyte 

according to the present invention is prepared by impregnation of a porous film with a 
viscous oligomer under vacuum, use of an electrolyte solution is not required. 
Therefore, the solvent-free polymer electrolyte is not accompanied by problems caused 
by leakage or evaporation of an electrolyte solution. Further, since the viscous 
oligomer is contained in pores, higher ionic conductivity is accomplished, as compared 
to a conventional solvent-free polymer electrolyte. In addition, the solvent-free pol 
ymer electrolyte according to the present invention does not exhibit rapid reduction in 
ionic conductivity even at low temperature, and thus, provides high electrochemical 
stability. 

1 1 38 j Therefore, use of the solvent-free polymer electrolyte according to the present 
invention in a secondary battery such as a lithium secondary battery can solve the 
problems of a conventional secondary battery employing a conventional gel-type 
polymer electrolyte or solvent-free polymer electrolyte. The solvent-free polymer 
electrolyte according to the present invention can also be used in a battery requiring 
high voltage because of its high electrochemical stability, and thus, is expected to be 
widely used as a polymer electrolyte for a secondary battery. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

Yl BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

SPLINES OR MARKS ON ORIGINAL DOCUMENT 

REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
WoTHER: Hi 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



